The ncc and nre nickel resistance determinants from Ralstonia eutropha-like strain 31A were used to construct mini-Tn5 transposons. Broad host expression of nickel resistance was observed for the nre minitransposons in members of the ␣, ␤, and ␥ subclasses of the Proteobacteria, while the ncc minitransposons expressed nickel resistance only in R. eutropha-like strains.
Several nickel resistance determinants have been identified in Ralstonia eutropha (Alcaligenes eutrophus) (24) strains isolated from different biotopes heavily polluted with heavy metals. The cnrYXHCBA operon of R. eutropha CH34 plasmid pMOL28 (12) , which mediates medium levels of nickel resistance (up to 10 mM) and cobalt resistance, is the most thoroughly studied determinant (3, 11, 17, 18, 20) . The resistance mechanism mediated by cnr is inducible and is due to an energy-dependent efflux system driven by a chemo-osmotic proton-antiporter system (6, 18, 22, 23) . A 14.5-kb BamHI fragment of plasmid pTOM9 from R. eutropha-like strain 31A (Alcaligenes xylosoxidans 31A) (10) and a similar BamHI fragment of plasmid pGOE2 from R. eutropha-like strain KTO2 were also found to encode Ni resistance. On both fragments a locus mediating high-level nickel resistance (up to 20 to 50 mM) and a locus mediating low-level nickel resistance (3 mM) were identified and designated ncc and nre, respectively (15, 16) . The nccYXHCBAN determinant, which except for the nccN gene is very similar to cnr, causes high levels of nickel and cobalt resistance and a low level of cadmium resistance in R. eutropha. Neither cnr nor ncc is expressed in Escherichia coli. On the other hand, the 1.8-kb nre locus causes low levels of nickel resistance in both Ralstonia and E. coli (16) . An nre-like determinant, which could be expressed in E. coli and Citrobacter freundii, was also found in Klebsiella oxytoca CCUG15788 (19, 20) .
Recently, amplified ribosomal DNA restriction analysis was used to determine the phylogenetic position of zinc-and nickel-resistant Ralstonia-like strains (2). The ncc operon was found in many nickel-resistant R. eutropha-like strains and in environmental strains in the direct vicinity of the genus Burkholderia (2), a member of the ␤ subclass of the class Proteobacteria like the genus Ralstonia. This might indicate that ncc has range of expression broader than the genus Ralstonia.
Heavy metal resistance markers with broad host expression ranges have been shown to be useful for genetic manipulation of Pseudomonas strains potentially designated for environmental release (14) . Broad-host-range expression of ncc-nre was recently confirmed by Dong et al. (7), who found ncc-nre-based Ni resistance in Comamonas, Sphingobacterium heparinum, flavobacteria, and even gram-positive bacteria related to Arthrobacter. However, it was not clear from this study which of the Ni resistance determinants was responsible for the broadhost-range Ni resistance. In addition, plasmid instability problems were encountered with some of the transconjugants. In order to study the range of expression of ncc and nre and to develop new tools for genetic manipulation of environmental bacteria, which are not based on antibiotic resistance markers, the Ni resistance markers were introduced into mini-Tn5 transposon vectors. The new nre-based minitransposons were found to have a broad expression range and were successfully used for constructing Ni-resistant transconjugants of plant-associated bacteria belonging to families of the ␣, ␤, and ␥ subclasses of the class Proteobacteria, including plant-associated endophytic bacteria with potential to improve phytoremediation strategies (C. Lodewyckx, S. Taghavi, M. Mergeay, J. Vangronsveld, H. Clijsters, and D. van der Lelie, submitted for publication).
Construction of Ni resistance minitransposons. The ncc operon of pTOM9 was cloned in pUC18/NotI as a 8.1-kb BamHI-PstI fragment, resulting in pMOL1522 (E. coli CM2395). Plasmid pMOL1522 was digested with NotI, and the ncc-containing NotI fragment was subsequently cloned in the unique NotI site of pUTmini-Tn5-Km1 (4). This resulted in plasmid pUTminiTn5-Km1/ncc (pMOL1524 in E. coli CM2428).
In order to construct an nre-based mini-Tn5 transposon vector, it was necessary to inactivate the NotI site in nreB. PCR mutagenesis performed with primers nre-PstI (sense) and nreNotI (antisense) and with primers nre-NotI (sense) and nreEcoRI (antisense) ( Table 1 ) was used to change the NotI site with the sequence GCGGCCGC into GCGGCAGC. This resulted in two PCR fragments that were approximately 1.6 and 1.1 kb long, respectively. Subsequently, these fragments were mixed and joined by using a PCR-based ligation strategy and were amplified with primers nre-PstI (sense) and nre-EcoRI (antisense). This resulted in a 2.7-kb PstI-EcoRI fragment with the mutated nre operon. The mutation did not affect the amino acid sequence of the NreB protein, since GCC and GCA both encode alanine. The 2.7-kb PstI-EcoRI fragment was subsequently cloned into pUC18/NotI, resulting in plasmid pMOL1525 (E. coli CM2438). Plasmid pMOL1525 was digested with NotI, and the nre-containing NotI fragment was cloned in the unique NotI site of pUTmini-Tn5-Km1. This resulted in plasmid pUTminiTn5-Km1/nre(NotI) (pMOL1527 in E. coli CM2442).
The region with the mutated nreB gene was also amplified as a 2.7-kb PstI fragment by using primers nre-PstI (sense) and nre-PstI (antisense). Subsequently, this fragment was cloned in the unique PstI site of pMOL1522. This resulted in a 10.8-kb ncc-nre fragment flanked by two NotI sites (plasmid pMOL1548 in E. coli CM2500). This fragment was subsequently cloned in the unique NotI site of pUTmini-Tn5-Km1, resulting in plasmid pUTminiTn5-Km1/ncc-nre (NotI) (pMOL1554 in E. coli CM2520).
To inactivate the SfiI site in nreA, we used a strategy similar to that used for mutation of the NotI site, except that primers nre-PstI (sense) and nre-SfiI (antisense) and primers nre-SfiI (sense) and nre-EcoRI (antisense) were used. The mutations did not affect the amino acid sequence of the NreA protein. A 2.7-kb PstI-EcoRI fragment with the mutated nre operon (SfiI site) was subsequently cloned in pUC18/SfiI (8), resulting in plasmid pMOL1526 (E. coli CM2440). Plasmid pMOL1526 was digested with SfiI, and the nre-containing SfiI fragment was cloned in SfiI-digested pUTmini-Tn5-Km1. This resulted in plasmids pUTminiTn5-Km1/nre(SfiI) (pMOL1529 in E. coli CM2446) and pUTminiTn5-nre(SfiI) (pMOL1528 in E. coli CM2444), in which the kanamycin resistance gene was replaced by nre. The restriction maps of the mini-Tn5 Ni resistance transposons are presented in Fig. 1 .
Range of expression of Ni resistance. The range of expression of Ni resistance was examined for all mini-Tn5 Ni resistance transposons. To do this, the pUT-based constructs were introduced into E. coli S17-1 (pir) (5) and subsequently transferred by conjugation into the nickel-sensitive strains R. eutropha AE104 (12), E. coli DH10B, Burkholderia cepacia W1.2 (isolated from wheat) and LS2.4 (isolated from lupine shoots) (a gift from K. Ophel-Keller), Herbaspirillum seropedicae LMG2284 (associated with rye grass) (1), Pseudomonas stutzeri A15 (associated with rice roots) (13, 25) , Azospirillum irakense KBC1 (a rice endophyte) (9) , and Pseudomonas putida VMO433. The last strain was isolated as an endophytic bacterium after surface sterilization of Brassica napus plants (Lodewyckx and van der Lelie, unpublished data). Transfer frequencies, as well as the appearance of nickel-and kanamycin-resistant mutants, were examined. The results are presented in Table 2 .
Comparing the efficiencies of transfer of the minitransposons, we observed that R. eutropha AE104, E. coli DH10B, and P. putida VM0433 showed the highest transfer frequencies. The lowest transfer frequencies were observed for B. cepacia W1.2 and P. stutzeri A15; this might have been due to the presence of efficient restriction-modification systems present in these two strains.
No spontaneous Ni-resistant mutants were found for the strains used in the experiments; this is in contrast to the kanamycin-resistant mutants that were observed at low frequencies (ϳ10 Ϫ8 ) for most of the strains tested. This indicates that 
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a The strains used as recipients in the matings were R. eutropha AE104, E. coli DH10B (Gibco BRL), H. seropedicae LMG2284, B. cepacia W1.2 and LS2.4, P. stutzeri A15, and P. putida VMO433. E. coli S17-1 (pir) (5) containing pUTminiTn5-Km1::ncc-nre (strain CM2520), pUTminiTn5-Km1::ncc (strain CM2536), pUTminiTn5-Km1::nre (strain CM2676), and pUTminiTn5-nre (strain CM2677) were used as donors. Ni-resistant transconjugants were selected on 284 minimal medium containing 1 mM NiCl 2 . Most of the kanamycin-resistant transconjugants were selected on 284 minimal medium (12) containing 100 mg of kanamycin per liter; the only exception was strain AE104, whose transconjugants were selected on 284 minimal medium containing 1,000 mg of kanamycin per liter.
nickel resistance is a more reliable marker for selecting transconjugants than kanamycin.
Transconjugants were selected for kanamycin or nickel resistance ( Table 2 ). The stabilities of the transconjugants were confirmed by growing them for more than 100 generations under nonselective conditions. Subsequently, the Ni resistance of these organisms was compared to that of the wild-type strains. As expected, both ncc-and nre-containing mini-Tn5 transposons gave Ni resistance in R. eutropha AE104, and the MICs on 284 gluconate medium (Lodewyckx et al., submitted) were 3 and 40 mM Ni for nre and ncc, respectively (Table 3) .
For all of the other strains tested except B. cepacia W1.2, Ni resistance was observed when the nre determinant was present. For these strains miniTn5-Km1/ncc-containing transconjugants had to be selected for kanamycin resistance. The presence of nre resulted in MICs of Ni for Ni resistance on 284 minimal medium with an appropriate C source that varied from 2 to 3 mM depending on the bacterial species (Table 3) . In all cases the presence of nre was confirmed by PCR (results not shown). No Ni resistance was observed for transconjugants containing ncc, and the presence of both ncc and nre in general did not increase the MIC for Ni resistance, as determined for nre. However, two exceptions were found: in P. stutzeri A15 the presence of ncc resulted in an increase in Ni resistance (MIC) from 0.6 to 1.0 mM, while B. cepacia W1.2 transconjugants showed Ni resistance only when both ncc and nre were present. The latter phenomenon might imply that both ncc and nre contribute to Ni resistance, but it is not clear in what way. Therefore, it can be concluded that in general broad-hostrange Ni resistance is encoded by nre and that the ncc determinant is expressed only in R. eutropha-like strains. This implies that only the nre-based nickel resistance minitransposons, such as miniTn5-nre(SfiI), are suitable as broad-host-range selection markers for construction of antibiotic resistance-free but selectable strains belonging to the families of the ␣, ␤, and ␥ subclasses of the class Proteobacteria. 
